Liver necrosis caused by mushroom poisoning in dogs
Alan D. Liggett, Raul Weiss Although poisonous mushrooms are widely distributed throughout the United States and Canada, the frequency of poisonings in human beings and domestic animals is very low. There are isolated case reports of mushroom poisoning in cattle, dogs, and cats. Like human cases, mushroom poisoning in domestic animals is often unreported and probably underdiagnosed.
Poisonous mushrooms are divided into categories on the basis of the type of toxin produced by the mushroom, physical effects on the host, and time of onset of clinical signs. 10 Mushrooms in Category A cause hepatic and renal damage after a prolonged latent period and are the most common cause of fatal mushroom poisonings in human beings. Category A is subdivided into 2 groups on the basis of the type of toxin produced. The genera Amanita and Galerina produce cyclopeptide toxins (Group I), and Gyromitra produces monomethylhydrazine toxins (Group II). Several Amanita species contain 3 kinds of cyclopeptide toxins: phallolysin, phallotoxins, and amanitins. 9 Of these toxins, only the amanitins play a significant role in poisonings. Mushrooms in categories B, C, and D have a rapid onset of clinical signs and effect the autonomic nervous system, central nervous system, and gastrointestinal tracts, respectively.
Only one of the reported cases of mushroom poisoning in the dog was associated with a mushroom in Category A in which several animals were poisoned by ingesting Amanita phalloides. 6 Other mushrooms in this genus and category that have either been associated with human poisonings or contain amanitins are Amanita verna, Amanita virosa, Amanita bisporigera, and Amanita ocreata. 8 The purpose of this report is to describe the clinical and laboratory findings in 2 cases of canine mushroom poisoning.
A 7-week-old male golden retriever had a sudden onset of extreme listlessness, ataxia, and petit mal seizures. The owner had observed the animal eating mushrooms on the day prior to onset of clinical signs. The puppy did not respond to intravenous Lactated Ringer's solution and Valium and died within 6 hr of onset of clinical signs. Fresh and formalinfixed tissue, stomach contents, urine, clotted blood, and a mushroom were submitted to the diagnostic laboratory for evaluation. Strychnine was not detected in urine or stomach contents. The mushroom was identified as A. verna by a mycologist.
The owner of the second case owned a small kennel and observed a sudden onset of yelping and a tense abdomen in a 12-week-old female Labrador retriever. The puppy became comatose and died approximately 10 min later. The cadaver was submitted to the diagnostic laboratory for necropsy. Gross examination revealed a moderate amount of red-tinged froth in the trachea. The stomach and small intestine were empty, and the colon contents were poorly formed. The liver was dark red, and blood flowed freely from cut surfaces. No bacteria or viruses were isolated from the liver. The kidney and liver contained no significant levels of lead or arsenic. The preliminary diagnosis was toxic hepatosis. A subsequent consultation with the owner revealed that the puppy had retrieved and eaten a portion of a mushroom the day prior to onset of clinical signs. The owner stated that the mushroom was shaped like a white umbrella with a ring on the stem and a large base. Mushrooms were not available for identification.
Histologic slides from these cases were reviewed and compared. The livers were characterized by massive hepatocellular necrosis ( Fig. 1 ). Focal areas of hemorrhage involving portions of lobules were randomly distributed and confined to areas of necrosis. Hepatic cords were disrupted with swelling of hepatocytes. Karyorrhexis and karyolysis were pronounced in the central lobular and midzonal areas. In the periportal areas, many hepatocytes had vesicular nuclei with loss or fragmentation of nucleoli ( Fig. 2 ). Degeneration and necrosis were noted in Kupffer and sinusoidal cells. Bile ducts were unaffected and remained as islands surrounded by necrotic parenchyma. Focal areas of hemorrhage and intercellular edema were noted in the outer portion of the myocardium in the first case. All remaining tissues available for examination were unremarkable.
An experienced mycologist should be consulted to identify poisonous mushrooms. The general features of A. verna, A. virosa, and A. bisporigera are a white cap, gills, and stalk, an annulus (ring around the stalk); and a sac-like volva (cup associated with a swollen bulb at stalk base). The description of the mushroom submitted is consistent with these features. These mushrooms are found from spring to fall and have a wide geographic distribution. Amanita phalloides has similar features with the exception of a pale to olive green cap. This mushroom is found in the summer and fall and is confined to the Pacific Northwest and Atlantic regions. These and other reported cases of mushroom poisonings in dogs occurred in the summer and fall, especially after rainy periods. This is the first report of A. verna poisoning in the dog. Most reports, including ours, involved puppies of the retriever or spaniel breeds. 1, 5, 6 Approximately 70% of human cases of mushroom poisoning have occurred in children under the age of 5 years. l0 The clinical course of Amanita mushroom poisoning is divided into the latent phase, gastrointestinal phase, and hep-atorenal phase. 9 The latent phase lasts from 5 to 24 hr with most dogs in experimental trials developing clinical signs at 10-l6 hr after ingestion. 2, 12 Abdominal pain, vomiting, and diarrhea that is often watery and occasionally bloody are the common signs observed in the gastrointestinal phase. Vomiting and diarrhea were unobserved in our cases. Absence of ingesta in the stomach and small intestine coupled with poorly formed feces in the colon indicates possible vomiting and diarrhea in the second case. Clinical signs of minimal intensity have been reported in human patients during the gastrointestinal phase. The hepatorenal phase is characterized by decreasing blood pressure, hemorrhage, oliguria, and signs of hepatoencephalopathy. Icterus is a common finding in human cases. It was not observed in our cases nor reported in naturally occurring 6 or experimental 12 canine cases. The patient usually dies in hepatic coma with or without renal failure.
The dogs in this report were in the terminal stage of the hepatorenal phase or dead when presented to the referring veterinarians, and serum chemistry profiles were not performed. Serum chemistry values are important in determining the severity of the toxicosis, evaluating treatment, and in establishing a prognosis. Acute hepatic necrosis results in marked elevations of serum alanine aminotransferase (ALT) and aspartate aminotransferase (ASP) although the serum alkaline phosphatase usually remains normal or slightly elevated. Other abnormalities observed in canine 6 and human 9 cases of mushroom poisoning are increased total bilirubin, hypoglycemia, and hypokalemia. The prothrombin time and activated partial thromboplastin time are usually prolonged with a hypofibrinogenemia and decreased levels of clotting factors. The serum urea nitrogen and creatinine were not significantly elevated in experimental 12 and naturally occurring 6 cases of Amanita mushroom poisoning. Declining serum ALT and ASP values and rising fibrinogen levels warrant a favorable prognosis.* Amanitins rapidly enter the nucleus and inhibit RNA polymerase II, thereby preventing transcription of DNA with resultant decreased protein synthesis and ultimate cell death. At the ultrastructural and molecular level, there is chromatin condensation, dissolution of the nucleolus, and a steady decline in the nucleolar RNA content. 2 The observation of vesicular nuclei with loss of nucleoli in hepatocytes in our cases is consistent with findings reported in human cases. 7 The nuclear lesion is a significant finding and should alert pathologists to the possibility of Amanita mushroom poisoning.
In addition to hepatocytes, other parenchymal cells with a high metabolic rate are susceptible to damage by amanitins. The kidney is often damaged in human cases, but kidney lesions were minimal or absent in our cases and other naturally occurring 6 and experimental 12 canine cases. The kidney from the first dog was not available for examination. Experimental trials with mice have shown that a large dose of amanitins can cause death from hepatic failure before renal damage can occur. 3 A low dose of toxin produced only renal lesions but never earlier than the third day after dosing. Absence of renal damage in the second case is attributed to the rapid clinical course. Lesions occasionally occur in the pancreas, adrenal gland, muscle, and lymphocytes. 9 Ingestion of mushrooms is infrequently observed by owners and may be omitted from the initial history. When mushroom poisoning is suspected on the basis of histopathological lesions, additional history and tests may help to establish the diagnosis. Collection and identification of mushrooms from the animal's environment will establish the types of mushrooms that the dog was potentially exposed to. Examination of vomitus, gastrointestinal contents, and/or feces for mushroom spores may provide definitive evidence of mushroom ingestion and possible identification of the genus and species. In human patients, early diagnosis is occasionally achieved by detection of amanitins in urine or other body fluids."
Due to delayed onset of clinical signs, patients usually receive only supportive and palliative treatment. The treatment for Amanita mushroom poisoning has recently been reviewed." Unless treatment is initiated promptly after exposure and before significant amounts of toxin are absorbed, the final outcome of the case is dependent on the amount and type of mushroom ingested.
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Detection of phototoxic activity in plant specimens associated with primary photosensitization in livestock using a simple microbiological test
Loyd D. Rowe, James 0. Norman When known phototoxic agents cannot be implicated in cases of photosensitization of livestock, identification of a potential plant source of the phototoxic agent may not be attempted because of the time and expense of collecting large amounts of suspect plant material and conducting animal feeding trials. When photosensitivity appears to be of the primary type, it may be useful to screen plants for phototoxic activity by means of a simple microbiological test. 2 This procedure was recently used to identify Cooperia pedunculata as the plant involved in the etiology of recurring photosensitization of cattle and deer in southeastern Texas. 8 The test is currently used to monitor the photosensitizing potential of C. pedunculata in pastures, and to identify phototoxic activity following chemical separation procedures used to Received for publication December 6, 1988. isolate the phototoxic agent associated with this plant. Previously reported uses of the test are (a) identification of plants causing contact photodermatitis in humans;* (b) determination of the phototoxic potential of materials prior to human testing;" (c) study of the seasonal variation of phototoxic activity of plants;' (d) measurement of the furanocoumarin content of fragrant oils; 12 and (e) screening of plant specimens for light-induced antibiotic activity. 1, 10 Although this test has been used to detect phototoxic agents related to human photodermatitis and in basic research on phototoxic natural products, it appears to be virtually unknown in the study or diagnosis of phototoxic disease in livestock. The purpose of this report is to acquaint veterinary scientists and diagnosticians with the procedure so that it may be further utilized and developed.
Details of the test, as performed in our laboratory, are described. Freshly prepared and autoclaved Sabouraud dextrose agar a is allowed to cool to 55 C, at which time penicillin, streptomycin, and kanamycin are added (0.1 mg/ml of each) to inhibit bacterial growth. The agar is added to plastic Petri dishes (8 ml/60-mm plate) and allowed to solidify. One hour
